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ABSTRACT 
The effect of adding several types of industrial wastes to fly ash based geopolymers has 
been studied. For that, flexural and compression strengths were evaluated at 7 and 28 days 
after curing. From the obtained results it seems that the incorporation of stone cutting sludge 
has some beneficial effect on the measured mechanical properties. However, the 
incorporation of ceramic wastes from ferrous foundry operations seems detrimental. These 
are preliminary results, further works being necessary to confirm these relationships.  
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INTRODUCTION 
Geopolymers are inorganic materials, which form covalently bonded non-crystalline (amorphous) 
interconnections consisting of layers of alkaline activated alumino-silicates. Other factors, particularly 
at the level of geopolymerization, are the Si / Al ratio, the type and concentration of the alkaline 
solution, temperature, curing conditions, and additives, such as slags and fibers [1]. Presently, 
geopolymeric materials are increasingly important in the technological aspect of modern society. Its 
effectiveness in the substitution of common Portland cement has been one of the base points for the 
successful implementation of the geopolymeric materials, either by the greater applicability to a wide 
range of applications, by the greater ease of workability or by the superior mechanical properties 
[2,3,4]. 
The properties and uses of geopolymers are being explored in a number of scientific and industrial 
fields, such as inorganic chemistry, multidisciplinary physicochemical branches, colloid chemistry, 
mineralogy, geology, as well as in the construction sector replacing cementitious and ceramic 
materials. Geopolymers also benefit from the ability to incorporate various waste materials such as 
those from mining and metallurgical industries. These properties are dependent on the composition 
and chemical bonds as well as on the porosity [5,6]. 
 
EXPERIMENTAL PROCEDURES 
Two types of industrial wastes have been employed to make geopolymeric samples based on fly 
ash. One of those is a sludge generated in stone cutting operations of marble. This contains 
approximately 93 % CaCO3, the rest being SiO2, Al2O3 and MgO. The other waste was a ceramic 
material employed to produce the molds in precision casting of steels. The waste contains around 
45 % Al2O3, 40 % SiO2 and 15 % ZrO2. The class F fly ash contained 55 % SiO2, 20 % Al2O3, 10 % 
Fe2O3 and 1,7 % CaO. A feldspatic sand with less than 2 mm was used as inert. 
Stone cutting sludge (SCS) and ceramic waste (CW) were added in different amounts to the fly ash. 
Then it was activated with an alkaline solution (AS) with 185 g/L of sodium aluminate and 260 g/L of 
sodium hydroxide. 
Two different mixtures were produced: 
- Mixture 3: 15 % FA, 12 % SCS, 18 % AS 1 % CW, and 54 % sand; 
- Mixture 4: 14,4 % FA, 9,6 % SCS, 18,3 % AS, 2 % CW and 55,7 % sand; 
Paralelipipedic samples were cast in iron molds, with 160 x 40 x 40 [millimeters] size. Then the cast 
samples were cured in an oven at 80 ºC, with no controlled humidity, during 24 hours. Two conditions 
for the samples were considered: at air, in a laboratory, at 20 ºC; immersed in water, at 20 ºC. The 
compression test samples were obtained from the flexural resistance test: each sample for flexural 
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resistance testing resulted in 2 samples for compression resistance tests. For each mixture/ 
condition, two paralepipipedic samples were produced. 
Then compression and three point flexural strength (FS) tests were done, at 7 and 28 days after 
curing.  Compression strength (CS) and flexural strength (FS) determination followed standard EN 
1015-11. 
 
RESULTS 
Figure 1 and Figure 2 represent the flexural and compression strength curves obtained. 
 
 
Figure 5 - Flexural Trials for Mixture 3 at 7 and 28 Days at "dry" (S) and "immerse" (M) conditions 
 
 
Figure 6 - Compression Trials for Mixture 3 at 28 Days in Dry and Immerse Conditions 
 
Table 1 presents the results obtained for the several conditions and curing time. 
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Table 2 - Flexural and Compression Results for Mixtures 3 and 4 
Mixtures Rest Time (Days) Max. Load [MPa] 
(Flexural) 
Max. Load [MPa] 
(Compression) 
M3S1_7 Air 7 2,29 14.5 
14.1 
M3S2_7 Air 7 3,12 
 
13.5 
13.6 
M3M1_7 Water 7 2,27 
 
10.7 
10.9 
M3M2_7 Water 7 2,64 
 
11.5 
12.9 
M3S1_28 Air 28 3,90 
 
13.7 
13.1 
M3S2_28 Air 28 3,57 
 
11.3 
12.1 
M3M1_28 Water 28 2,42 
 
8.6 
11.8 
M3M2_28 Water 28 - 7.8 
8.6 
M4S1_7 Air 7 2,22 
 
7.0 
6.9 
M4S2_7 Air 7 2,07 
 
6.3 
6.4 
M4M1_7 Water 7 0,60 
 
2.6 
2.7 
M4M2_7 Water 7 0,78 
 
 
2.6 
2.4 
M4S1_28 Air 28 2,77 
 
7.2 
7.6 
M4S2_28 Air 28 2,08 
 
5.5 
6.6 
M4M1_28 Water 28 0,86 
 
2.0 
1.9 
M4M2_28 Water 28 0,69 1.9 
2.2 
 
CONCLUSIONS 
Through the various tests, it is possible to conclude the following: 
 - Water immersion gives materials poorer resistance than air conditions.  
- For both the air and water immersion conditions, the change in resistance from 7 to 28 days 
is not significant. 
-  Mixture 4 clearly presents lower mechanical resistance than mixture 3. This could be 
explained by the presence of the ceramic waste, which seems to negatively affect the measured 
properties. It may also be considered that stone cutting sludge has some beneficial effect. 
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